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What is the chemical quality of the water in the basin?
What areal and seasonal differences exist?
What causes the differences?
What chemical constituents, if any, are present in the water that would affect its usefulness for domestic, industrial, or agricultural purposes?
Data are presented on maps, graphs, and charts. All data collected and analyzed during the study period, together with historical data on file with the Geological Survey, are included in tables 3 through 6 (p. 14, 19, 23, 24) .
All water samples were collected and analyzed by using standard U.S. Geological Survey methods (Rainwater and Thatcher, 1960) and "Standard methods for examination of water and waste water" (American Public Health Assoc. and others, 1965) .
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Importance of Basic Data
Good-quality water in abundant supply is one of Douglas County's most valuable resources and is directly or indirectly used in nearly every major economic endeavour in the area. Because of this use by man, as well as the effects of natural phenomena, the water quality changes constantly. The magnitude and rate of these changes that result from water use and reuse must be determined.
Due to increasing population and urbanization and the accompanying industrial development, water managers, planners, and developers are facing problems of increasing complexity. Sound water management, based on a knowledge of the quality of water, is essential to cope with these problems and to preserve and develop the water resources most effectively.
Basic data, collected in a systematic manner, provide essential background information to describe current conditions, to delineate any problem area that may exist, and to aid in planning future water-use projects.
Previous Work and Related Investigations
No prior systematic study has been made of the chemical quality of surface water in Douglas County. Chemical-quality data are available for a daily station operated on the Umpqua River for 1 year during 1911-12 by the U.S. Geological Survey in cooperation with the Oregon State Engineer (Van Winkle, 1914, p. 46-48 Data concerning sediment transport in the Umpqua River basin are scarce, and the available data are insufficient to define accurately the water-sediment-discharge relationships needed for reliable computation of sediment yields (Onions, 1969) .
A time-of-travel study was conducted by the U.S. Geological Survey in the Umpqua River basin in 1963 (Harris and Sanderson, 1968) .
CHEMICAL QUALITY OF SURFACE WATER IN THE UMPQUA RIVER BASIN

General Chemical Quality
Six stations were established in August 1967 in the Umpqua River basin, where samples were collected at 6-week intervals. At two additional sites, samples were collected during high, medium, and low flows. Also, on each reconnaissance trip during high-and low-flow periods, about 26 spot samples were collected to determine chemical quality of the smaller tributaries and to help identify areal differences. The map ( fig. 1 , p. 4) shows the location of sampling sites and the frequency of sampling.
The concentrations of certain dissolved constituents and the total dissolved-solids concentration in a water supply determine its suitability for irrigation, domestic, or industrial use. The term "dissolved solids" is defined as the residue on evaporation and refers mainly to the dissolved minerals in the water. All concentrations are expressed in milligrams per liter, which is numerically equivalent to parts per million for water with low mineral content. Water with less than 500 mg/1 (milligrams per liter) of dissolved solids is usually satisfactory for irrigation, domestic, and many industrial uses.
Dissolved-solids concentrations for streams in the Umpqua River basin range from less than 40 mg/1 to 193 mg/1; most streams have concentrations of less than 100 mg/l. The water throughout the basin is soft, and the concentrations of all the constituents that were determined are well below the maximum limits recommended for drinking water by the U.S. Public Health Service (1962).
SAR (sodium-adsorption-ratio) is an expression of the ratio of the sodium content to the sum of calcium and magnesium in water. It is used as an index for determining the extent to which irrigation water will leave a harmful residue of exchangeable sodium in the soil. The water-classification system proposed by the U.S. Salinity Laboratory Staff (1954, p. 80) shows that all the surface water in the Umpqua River basin is in a very low sodium-hazard class, based on SAR and conductivity.
Because of the undesirable effect of boron on certain crops, water samples collected at various stations throughout the basin were analyzed for their boron content. Analyses indicate only traces of boron, too small to affect even the most boron-sensitive crops. During the irrigation period April through October, a surveillance was made for evidence of pesticide and herbicide residues. Samples were collected on a monthly basis near Elkton on the Umpqua High turbidity and color cause seasonal problems for some industrial and municipal water users. Moderately high color coincides with leaf fall from the deciduous vegetation in the area. Although color is undesirable in drinking water, it does not make the water unpotable. High turbidity during winter and spring runoff would require filtration of the water for municipal and for some industrial water uses.
Silica, one of the most abundant elements in the earth's crust, is a major constituent of many rocks, particularly volcanic rocks. In the Umpqua River basin, silica represents a large percentage of the dissolved-solids content of the water, with concentrations ranging from less than 10 to as much as 25 mg/l. Most industrial processes tolerate silica in this range, but it is particularly undesirable in boilerfeed water because it forms hard scale within boilers and pipes. Silica does not affect usefulness of water for irrigation or domestic purposes.
Geographic Variations
There are distinct areal differences of dissolved-solids patterns between the North Umpqua, South Umpqua, and Umpqua Rivers. The graph ( fig. 2 , p. 6) illustrates these differences and the changes in specific conductancell in the downstream direction.
North Umpqua River
The North Umpqua River drains about 1,300 square miles. Its entire 100-mile length is characterized by rugged precipitous slopes and steep stream gradients. The excellent chemical quality of the water, together with the natural beauty of the area, make the North Umpqua River a most attractive and popular stream for recreational use.
The dissolved-solids content of the river water is low, ranging from 40 to 63 mg/l. The small seasonal difference is related directly to the relatively uniform flow pattern that is characteristic of the North Umpqua. This flow pattern is due primarily to two factors: 0 1/ Specific conductance expressed in micromhos per centimeter at 25 C, is a measurement of the ability of water to conduct an electrical current. The specific conductance is related to the amount of dissolved solids in the water. In the Umpqua River basin, the dissolved-solids concentration generally is numerically about 0.55 to 0.60 times the specific conductance. (1) The porous volcanic rocks in the upper subbasin provide excellent ground-water storage; and (2) 20 percent of the subbasin is above 5,000 feet altitude and receives a large snowpack each year. The combination of ground-water discharge from the volcanic rocks and the prolonged period of snowmelt contribution maintains streamflow at a substantial rate during summer, with an associated low concentration of dissolved solids. The bar diagram in figure 3 (p. 8 ) illustrates the chemical makeup of the North Umpqua River and the relatively small difference between the high-and low-flow periods compared to the South Umpqua River. In the figure, the chemical constituents, except silica, are expressed in equivalents per liter21. Silica concentrations are expressed in milligrams per liter.
The water in the North Umpqua River is suitable for all uses, and no evidence of chemical-quality problems was noted.
South Umpqua River
The South Umpqua River is 114 miles long and drains about 1,760 square miles. The chemical quality of water in the South Umpqua subbasin differs from that of the North Umpqua subbasin largely because of differences in geology, topography, and climate between the two subbasins. Both rivers are about the same in length. Only about 3 percent of the South Umpqua subbasin lies above the 5,000-foot level, and most of the area is underlain by poorly permeable rocks that provide little natural storage. As a result, the South Umpqua is a "flashy" stream whose runoff follows very closely the precipitation pattern within the subbasin. The dissolved-solids content varies inversely with the flow pattern of the stream. During low flow, the dissolved-solids concentration is more than twice that during high flow ( fig. 3 ).
The dissolved-solids content of water in the South Umpqua increases noticeably from Tiller to Roseburg. Also, the proportion of magnesium cations relative to total dissolved cations increases by as much as 13 percent within the same reach (table 1, p. 9 ). The increase in dissolved solids is illustrated in figure 4 (p. 10), by using specificconductance values obtained during two reconnaissance trips. From this graph it can be seen that the increase is relatively constant during both high and low flows. This consistency throughout the year and the percentage increase of magnesium suggest that the changes in concentrations are caused by the geochemical influence of rocks in the Klamath-Siskiyou Range. That area contains much metamorphic sedimentary and volcanic rock, including magnesium-rich serpentine.
The water of the South Umpqua River is chemically suitable for most uses, but has a potential water-quality problem in the reach from Roseburg to the confluence with the North Umpqua. In a concentrated 2/ In water, one equivalent of a positively charged constituent (cation) will combine with one equivalent of a negatively charged constituent (anion); therefore, the total equivalents of cations equal the total equivalents of anions. area near Roseburg, industrial, agricultural, and municipal water users make heavy demands on the South Umpqua River. These heavy demands, together with (1) insufficient discharge during low-flow periods, (2) slow velocity due to the low gradient within the reach, and (3) high temperatures during sununer indicate that water-quality degradation could occur.
The South Umpqua River and its major tributary, Cow Creek, are similar in their chemical makeup. Cow Creek drains an area quite similar geologically to the area drained by the South Umpqua between Tiller and Brockway. Although not so pronounced as the South Umpqua, the dissolved-solids content and percentage of magnesium increase downstream in Cow Creek.
Because mining is the predominant industry in the area around Riddle, a water sample, to be analyzed for trace metals, was collected from Cow Creek near Riddle during low flow. Only trace amounts of copper, zinc, and strontium were detected. (See table 5.)
Umpqua River Main Stem
The main stem of the Umpqua River is that part of the Umpqua system below the confluence of the North and South Umpqua Rivers. The main stem receives direct drainage from an area of about 1,500 square miles. Because the terrain of the area is quite rugged and the Umpqua River is generally confined to a narrow canyonlike valley, potential for agricultural and urban development is limited to the narrow benchland adjacent to the river.
The North and South Umpqua Rivers contribute almost 90 percent of the mean flow of Umpqua River near Elkton; therefore, the chemical characteristics of the main stem of the Umpqua River are almost entirely a combination of the chemical characteristics of the two tributaries. During low-flow periods, the chemical characteristics of the main stem approach those of the North Umpqua, because during those periods that river contributes more than 80 percent of the discharge at the Elkton station.
The Geological Survey maintained a daily chemical station on the Umpqua River near Elkton for 1 year during 1911 -12 (Van Winkle, 1914 A comparison of the data in table 2 with the data collected during this study shows that the chemical character of the Umpqua River has not changed appreciably in almost 60 years. 1/ Values in parts per million are numerically equivalent to mg/1 for water analyses reported in this table.
2/ A second foot of discharge is equivalent to 1 cfs (cubic foot per second), now used to report discharge.
ADEQUACY OF EXISTING CHEMICAL-QUALITY DATA
The data collected during the 2-year study provide a basic definition of the chemical quality of the surface water in the Umpqua River basin. Because of the short study period, however, seasonal variations of the chemical concentrations cannot be adequately defined.
SUMMARY
During the study, samples were collected at 32 sites in the Umpqua River basin; six of these sites were sampled and analyzed at 6-week intervals. These samples show the surface water to be of generally excellent chemical quality throughout the basin. Analysis of water samples from two selected sites in the basin revealed detectable amounts of pesticides during the summer and fall of 1967. Herbicides were not detected during the study period. All surface water within the basin has a low sodium hazard and only traces of boron, and is therefore excellent for irrigation.
A potential problem area exists on the South Umpqua River downstream from Roseburg. Because heavy organic enrichment, insufficient discharge during low-flow periods, and high temperatures during suilluter could cause water-quality problems, the water quality in this reach of the river should be monitored on a regular basis. 
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